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Abstract. A syndrome of  hyperostosis of  the thor- 
acic wall, nonspecific signs of  in f lammatory  dis- 
ease, and palmar  and plantar  pustulosis is de- 
scribed in eight patients (Table 1). Seven had  inter- 
sternocostoclavicular ossification [12], and  one had  
chronic recurrent mult ifocal  osteomyelitis [2]. This 
complex of  findings has been called "pus tu lo t ic  
ar thro-ostei t is"  [5, 12]. This report  emphasizes the 
periosseous soft tissue inf lammat ion and the unex- 
plained subclavian and mediast inal  vein th rombo-  
sis seen in two patients [8]. In f l ammatory  perios- 
seous and  mediast inal  lesions were seen on plain 
films in all eight patients and on computed  tomo- 
graphic (CT) scans in seven. Radiographs  of  the 
9 spine showed a spondyloar th ropa thy  in three pa- 
tients. This was characterized by ossification of  the 
vertebral l igaments and sclerosis of  the vertebral 
bodies. Awareness of  the radiologic features of  
pustulotic arthro-osteitis is impor tan t  because the 
clinical, biochemical and pathologic findings are 
often nonspecific and misleading [5, 8, 12]. 
Key words: Palmoplantar  pustulosis - Chronic re- 
current multifocal osteomyelitis - Sternocostocla- 
vicular hyperostosis - Clavicle: hyperostosis - 
Ribs : abnormali t ies - Sternum: abnormali t ies 
Intersternocostoclavicular  hyperostosis and  chron- 
ic recurrent mult ifocal  osteomyelitis are recognized 
syndromes [2, 7-12] whose classification under  a 
common  name has been proposed by several au,  
thors in recent years [1, 5, 12]. Approximate ly  50% 
of  patients with either syndrome have a skin condi- 
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t ion called "pa lmop lan t a r  pustulosis"  (Fig. 7). 
Hence, some authors  prefer the term "pus tu lo t ic  
arthro-osteitis and related d isorders"  [5, 12]. The 
findings of  hyperostosis and inf lammat ion and  the 
multifocal character o f  the lesions in the two syn- 
dromes have suggested another  name:  "mul t ip le  
in f lammatory  hyperostosis"  [1]. 
I t  was noted early that  the lesions were not  
strictly limited to bone. An associated enthesitis 
was stressed by Sonozaki et al. [12], and  Kohler  
et al. [8] noted the thoracic outlet  syndrome as a 
frequent  complaint  and thrombosis  of  the subcla- 
vian vein as a possible complication.  In our  series, 
two patients presented with a superior vena cava 
syndrome and, in one of  these, there was a soft 
tissue mass in the anter0superior  mediast inum. We 
performed CT scans in seven of  the eight patients 
to evaluate the mediast inal  involvement.  
These cases are commonly  misdiagnosed. Three 
patients in this series were suspected o f  having a 
mediast inal  tumor,  and  two were thought  to have 
periarticular disease of  the shoulder. The chest wall 
pain in one patient  was diagnosed as coronary  
heart  disease. 
Case reports 
During the past 5 years, seven cases of intersternocostoclavicu- 
lar hyperostosis and one case of chronic recurrent multifocal 
osteomyelitis (case 5) were diagnosed at our institution. 
Case I 
A 46-year-old teacher had a painful swelling in the neck for 
2 months. Chest radiographs showed a retrosternal mass, which 
was initially misdiagnosed as an enlarged thyroid gland, dis- 
placing the trachea to the left. On examination, no thyroid 
enlargement was present. There was venous engorgement in 
the neck with dilated collateral veins in the upper right chest 
and shoulder and swelling of the right arm. The erythrocyte 
sedimentation rate (ESR) was raised at 62 mm/h. White cell 
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Fig. 1 A-D. Soft tissue mass or soft tissue infiltration around 
the hyperostotic bones was found in all our patients. In three 
patients this soft tissue component had a tumor-like appear- 
ance. This figure illustrates the variety of soft tissue involvement 
in our patient group. A Case 1. Contrast-enhanced CT scan 
of the upper mediastinum. First rib synostosis with the sternum 
(black arrows) best shown by bony windows. Contrast enhance- 
ment of retrosternal soft tissue mass. The thrombosed innomin- 
ate vein is located within the mass (open arrows). B Case 2. 
Contrast-enhanced CT scan of  the upper mediastinum. There 
is diffuse infiltration of fat and displacement of vessels by a 
large soft tissue mass in the superior mediastinum (open arrows). 
The posterior sternoclavicular junction is irregular. C Case 5. 
CT scan of the left lung apex showing hypertrophied 2ud left 
rib (black arrow). Pleural thickening (open arrows) extends into 
the posterior mediastinum). D Case 7. CT scan of the upper 
mediastinum showing hypertrophied manubrium sterni (black 
arrow). Retrosternal fat infiltration (open arrows) was seen in 
all patients in whom CT was performed 
count and thyroid function were normal. CT showed a soft 
tissue mass in the upper right anterior mediastinum; this mass 
was initially thought to be tumor or lymphadenopathy 
(Fig. 1 A). There was thrombosis of the right subclavian and 
innominate veins. Conventional tomograms showed hyperosto- 
sis and sclerosis of  the medial portions of  the right clavicle 
and first rib. 
Venography showed occlusion of the right cephalic, inter- 
nal jugular and subclavian veins, and multiple collateral veins 
in the upper right chest wall and neck (Fig. 2). There was an 
edematous mass in the upper mediastinum at surgery. Histo- 
logic examination showed nouspecific chronic inflammation. 
The thrombosis was thought to be due to venous obstruc- 
tion by the mediastinal mass or to restriction of the thoracic 
outlet by bony enlargement. Anticoagulant treatment (Marcou- 
mar 1/2 tablet daily) was effective, but after therapy was stop- 
ped, the thrombosis recurred. Partial resection of the first rib 
was beneficial. CT showed no change in the mediastinal mass. 
Two years later the patient had frequent episodes of upper 
right chest and shoulder pain unrelated to exertion, sometimes 
accompanied by a pustular skin rash on the palms of his hands 
and the soles of his feet. Plain films showed hyperostosis of 
the medial portions of the right clavicle and first rib with ossifi- 
cation of the costoclavicular ligament and local soft tissue swell- 
ing, all of which suggested intersternocostoclavicular hyperos- 
tosis. The symptoms responded to anti-inflammatory drugs, 
and there was no further recurrence. 
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Case 2 
A 53-year-old man complained of retrosternal pain, which was 
thought to be cardiac in origin, radiating to the right upper 
chest and shoulder. There was bony swelling of the manubrium 
sterni. Pustules were present on the palms and soles. The ESR 
was 61 mm/h. Coronary angiograms were normal. Radiographs 
showed enlargement and sclerosis of the clavicles and manu- 
brium sterni, sclerosis of the first ribs, and extensive ossification 
of both costoclavicular ligaments, findings consistent with inter- 
sternocostoclavicular hyperostosis (Figs. 3, 4). CT showed an 
infiltrating soft tissue mass in the mediastinum as well as be- 
tween the sternum and the pectoralis muscle (Fig. 1 B). A biopsy 
of the left clavicle demonstrated new bone formation and gran- 
ulation tissue. Indomethacin (100 mg daily) produced complete 
relief of symptoms. 
Case 3 
A 65-year-old woman described a 20-year history of recurrent 
painful swelling of the right shoulder, neck and lumbar back 
pain, and pustulosis. The ESR was elevated at 55 mm/h. Radio- 
graphs showed severe enlargement of the left clavicle and first 
rib and manubrium sterni with ossification in the costoclavicu- 
lar ligaments. The medial end of the right clavicle was slightly 
hypertrophied. These findings are consistent with intersterno- 
costoclavicular hyperostosis. Plain films of the lumbar spine 
showed hypertrophic ossification of the anterior longitudinal 
ligament, dense new bone formation in the vertebral bodies, 
and facet joint ankylosis (Fig. 5A, B). An asymmetric sacroilii- 
tis was present (Fig. 6). The patient declined further investiga- 
tion. 
Case 4 
A 43-year-old man was referred for evaluation of an arthritis 
of both wrists. He gave a 10-year history of pustulosis affecting 
his hands and feet (Fig. 7) and also his back and buttocks. 
There were no signs of psoriasis. 
He complained of pain in the upper chest and back, worse 
at night and in cold weather, associated with morning stiffness. 
Five years previously he had noted enlarged veins in his neck, 
arms, and chest. Tests for syphilis, rheumatoid factor, HLA- 
B27 antigen, antinuclear factor, human immunodeficiency vi- 
rus, and brucella agglutinins were negative. The ESR was 
slightly raised at 30 mm/h. The white cell count and alkaline 
phosphatase level were normal. Serum electrophoresis showed 
slightly elevated levels of alpha-2 globulins (1.06 g/100 ml) and 
gamma globulins (1.4 g/100 ml). The lupus anticoagulant factor 
was positive (ratio 1/64). 
Radiographs of the wrists showed generalized bilateral 
joint space narrowing. Films of the spine revealed hypertrophic 
ligamentous ossification and ankylosis of the facet joints. There 
was left-sided sacroiliitis. A chest film demonstrated a widened 
upper mediastinum. There were hypertrophy and sclerosis of 
the clavicles (Fig. 8), findings compatible with pustulotic 
arthro-osteitis. A technetium bone scan showed asymptomatic 
sites of hyperactivity in both thighs and forearms and plain 
films showed fusiform broadening of the femoral shafts (Fig. 9). 
The distal end of the radius was enlarged and sclerotic bilater- 
ally, and there was periosteal new bone formation. A contrast- 
enhanced CT scan of the mediastinum showed clavicular hyper- 
trophy (Fig. 10). There were multiple unenhancing nodular 
structures in the mediastinum. The absence of enhancement 
suggests that these were enlarged lymph nodes rather than col- 
lateral veins (Fig. 10). The subclavian veins failed to fill with 
contrast medium, but there was contrast enhancement of azygos 
and accessory hemiazygos veins (Fig. 10). Nuclear magnetic res- 
onance images showed flow in a dilated azygos vein but not 
in the upper part of the right innominate vein (Fig. 11). Bilateral 
digital subtraction venograms of the arms showed obstruction 
of the subclavian veins (Fig. 12). 
Contrast medium injected into the right arm passed 
through a network of collateral veins in the neck and into the 
jugular veins. Contrast medium injected into the left arm passed 
through the accessory hemiazygos system and into the tortuous 
and dilated azygos vein. CT of the abdomen suggested retroper- 
itoneal fibrosis since both ureters were dilated and there was 
a soft tissue mass in the retroperitoneum. The patient's symp- 
toms resolved with indomethacin. 
Case 5 
A 21-year-old woman complained of neck pain of 3 years dura- 
tion. The pain radiated to the left shoulder and was accompa- 
nied by fatigue and morning stiffness and pain and paresthesia 
in the left hand at night. The pain responded to anti-inflamma- 
tory drugs, but not to physiotherapy. A transient pustular rash 
on the palms had occurred one year previously. 
Examination revealed tenderness to pressure in the region 
of the left trapezius muscle and pain on percussion of  the upper 
dorsal spine. Cervical spondylosis was suspected. Blood tests 
showed a slight anemia (Hb 10.9 g%), raised ESR (56 and 
99 mm/h), and elevated alpha-2 and beta globulins. Radio- 
graphs showed a mixed lytic and sclerotic lesion of the left 
second rib with irregular periosteal new bone formation. There 
was a soft tissue mass in the mediastinum and the apex of 
the left lung (Fig. 13). 
CT showed pleural thickening and a soft tissue mass adja- 
cent to the left second rib extending into the posterosuperior 
mediastinum (Fig. 1 C). CT detected additional areas of bony 
sclerosis in the left first rib, and the first and second thoracic 
vertebral bodies. The patient was treated conservatively with 
a nonsteroidal anti-infiammatory 0buprofen 400 mg) with good 
initial results, but relapsed after 3 months with reappearance 
of the palmar pustules. 
Discussion 
Intersternocostoclavicular hyperostosis is a re- 
cently recognized disorder characterized by sclero- 
sis and hyperostosis of the sternum, clavicles, and 
upper ribs together with ossification of the sur- 
rounding soft tissues [9, 12]. Most  patients with 
this disease are in their fifth and sixth decades. 
Chronic recurrent multifocal osteomyelitis is a 
similar disease, characterized by thoracic hyperos- 
tosis. This disease affects children and young 
adults and the sclerotic lesions are often more 
widespread. Both intersternocostoclavicular hyper- 
ostosis and chronic recurrent multifocal osteomye- 
litis are associated with palmoplantar  pustulosis 
in about  50% of cases, and spondylitis and/or  sac- 
roiliitis in about  40% of cases [1, 5, 11, 12]. In 
this series, all eight patients had episodic palmo- 
plantar pustulosis and four (50%) had spondylitis/ 
sacroiliitis (Table 1). 
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Fig. 2. Case 1. Right upper arm venogram. There is abrupt oc- 
clusion of the right subclavian (black arrow) and cephalic veins 
(black arrowhead), a finding consistent with thrombosis. There 
are collateral veins in the neck (asterisk). The right 1st and 
2nd rib and the medial end of the right clavicle were most 
affected by sclerosis and hypertrophy. The thoracic inlet is open 
(open arrow) 
Fig. 3. Case 2. Admission chest film of a patient with atypical 
retrosternal pain shows hyperostosis and sclerosis of both clavi- 
cles and the 1st and 2nd ribs. There is synostosis between these 
ribs and the sternum 
Fig. 4. Case 2. Frontal tomogram of the sternoclavicular junc- 
tion. There is bony hypertrophy of clavicles, ribs, and sternum 
and ossification of the sternomastoid tendon insertion (arrow) 
and costoclavicular ligaments (open arrows) 
Fig. 5. Case 3. A AP view of the lumbar spine showing bridging 
syndesmophytes. The vertebral bodies are enlarged and have 
a coarse trabecular pattern with areas of sclerosis. B Lateral 
view of the lumbar spine showing facet joint ankylosis (arrow- 
heads) at multiple levels, hyperostotic and dense lower lumbar 
vertebrae, and hypertrophic ossification of the anterior longitu- 
dinal ligament (arrows). Disc space narrowing with ankylosis 
occurs at all levels 
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Fig. 6. Case 3. AP view of the sacroiliac joints showing 
unilateral right-sided sacroiliitis 
Fig. 7. Case 4. Pustulosis plantaris 
Fig. 8. Case 4. Coned-down view of the upper chest. 
Increased density and widening of the medial part of both 
clavicles 
Fig. 9A, B. Case 4. AP view of the femurs. Bilateral 
symmetrical, solid endosteal, and periosteal new bone 
apposition with fusiform remodelling of the femoral shafts 
The sacroiliitis in both syndromes is typically 
unilateral [1] (Fig. 6), and arthritis is present in 
10% of  cases [I]. Periostitis of  long bones has also 
been described [1, 2, 5]. One of our patients had 
arthritis of  the wrists and periostitis of  the femora 
and the bones of the forearms (Fig. 9). Although 
the bone manifestations of chronic recurrent multi- 
focal osteomyelitis and intersternocostoclavicular 
hyperostosis are well described [2, 7, 9-12], it is 
not welt known that many cases have inflammato- 
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Fig. 10. Case 4. CT of the thoracic outlet. After an 
intravenous injection of a bolus of contrast 
medium, there is no enhancement of the subclavian 
veins. There is soft tissue infiltration around both 
subclavian veins which have ill defined margins 
(black arrows). The contrast-enhanced azygos vein 
is markedly dilated (arrowhead) 
Fig. 11. Case 4. Tl-weighted sagittal magnetic 
resonance image of the mediasfinum. The lower 
part of the superior vena cava is normal, but the 
upper part is narrowed (arrow). The azygo-caval 
junction is dilated (curved arrow), and there are 
tortuous thoracic veins (arrowhead) 
Fig, 12. Case 4. Oblique view with digital subtraction of the upper chest after simultaneous injection of both antecubital veins. 
No contrast medium is seen in the subclavian veins, and there is abrupt termination of the left axillary vein (black arrow). 
Contrast injected in the right arm drained via collateral veins in the right neck into hypertrophied intercostal veins (small black 
arrow) and dilated azygos system (A). Contrast injected into the left arm passed sequentially into large, tortuous intercostal 
veins, the accessory hemiazygos vein (arrowheads), and the azygos vein (A) 
Fig, 13. Case 5. Detailed view of the ribs in the left upper chest wall. There is hypertrophy of the 2nd rib (2) and associated 
pleural thickening and mediastinal widening (arrowheads). There are coarse trabeculae in the vertebral bodies at T1 and T2, 
and the left transverse process (arrow) of T2 is enlarged (arrow) 
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Table 1. Some character is t ics  o f  the  pa t ien ts  : Case,  n u m b e r  and  sex 
1 2 3 4 5 6 7 8 
M M F M F F M M 
Age  at  onse t  disease  (years) 46 
Pus tn los i s  pa lmop lan t a r i s  
N u m b e r  o f  open  biopsies  
Hyperos to t i c  lesions:  
s t e r n u m  
clavicles 
ribs 
M a n u b r i o - s t e r n a l  ar thri t is  
Ossi f icat ion cos to-  
clavicular  l igaments  
Spondyli t is ,  sclerosis 
o f  ver tebrae  and  ver tebral  
l igaments  
Hyperos tos i s  long bones  
Sacro-iliitis 
Venous  t h r o m b o s i s  
Medias t ina l  or  pleural  
i nvo lvemen t  wi th  
ex t raosseous  sof t  t issue 
inf i l t ra t ion 
B27 
R A  factor  a n d  Waa le r  Rose  
53 39 43 21 41 49 49 
once once once recurrent ly  recur rent ly  once recur rent ly  recurrent ly  
2 1 - - - 2 3 - 
- + + - _ 
a symmet r i c  symmet r i c  a symmet r i c  symmet r i c  
r ight  symmet r i c  symmet r i c  symmet r i c  left 
1st, 1st, 1st rib 1st rib 1st, 
2nd  ribs 2nd  ribs 2rid ribs 
- + + - _ 
r ight  bilateral  left bi lateral  - 
+ + +  + 
a symmet r i c  a symmet r i c  symm et r i c  
symmet r i c  symmet r i c  symmet r i c  
1st rib 1st rib 1st rib 
+ + + 
bilateral  left bilateral  
+ + +  + + +  
_ _ _ + +  . . . .  
-- -- uni la tera l  uni la tera l  - - - uni la tera l  
r ight  - - bilateral  . . . .  
+ +  + +  N + + +  + + + 
Nega t ive  for all pa t ien ts  
N = N o  in fo rma t ion ,  no  C T  scan  pe r fo rmed ;  + + : Extens ive;  + : M i n o r  
ry soft tissue involvement, sometimes with venous 
obstruction [4, 6, 8]. 
Seven of the eight patients in this series had 
CT examinations of thoracic lesions which showed 
soft tissue involvement of the mediast inum and 
thoracic wall. In three patients this involvement 
was severe (Fig. 1 A-C),  simulating a tumor  in one 
(Fig. 1 A). The other patients had only minimal 
periosseous soft tissue infiltration (Fig. 1 D). Fur- 
thermore, there were hyperostotic lesions of en- 
theses in seven of eight patients (Fig. 4). 
These cases show that the soft tissue lesions 
in pustulotic artho-osteitis may be conspicuous 
and may be misdiagnosed as neoplasms. This mis- 
diagnosis occurred in three cases. One patient 
(case 7) had three open bone biopsies because of 
suspected sarcoma complicating Paget disease. In 
another patient (case 1), a parasternotomy and 
several biopsies were performed for a restrosternal 
pseudotumor  which had caused unilateral thoracic 
edema. Patient 5 presented with soft tissue swelling 
over the dorsal aspect of the thorax for which the 
surgeon considered a rib resection. The plain films 
and CT showed hyperostosis involving three verte- 
brae and two adjacent ribs and extensive perios- 
seous soft tissue swelling. This extensive involve- 
ment  and the radiological diagnosis of chronic re- 
current multifocal osteomyelitis restrained the sur- 
geon from performing a mutilating operation 
(Fig. 1 C). 
Varied symptoms and nonspecific laboratory 
findings [3, 11] are additional reasons for misdiag- 
nosis. Retrosternal pain in one patient (case 2), ini- 
tially misinterpreted as angina pectoris, led to cor- 
onary arteriography. The atypical pain resolved 
after administration of an anti- inflammatory 
agent. Two of our patients (cases 6 and 8) had 
been treated for nonspecific muscular pain in the 
shoulder and neck. 
Venous thrombosis in patients with thoracic 
hyperostosis and palmoplantar  pustulosis was first 
noted by Kohler et al. [8] and was subsequently 
ment ioned by others [4, 6]. Most  affected patients 
are white. The thrombosis has been attributed to 
narrowing of the thoracic Outlet by hyperostotic 
bone. However, the two patients with mediastinal 
vein thrombosis in this series (cases 1 and 4) had 
a widely patent thoracic outlet on CT. One of these 
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pat ients  had  a high level o f  lupus ant icoagulant  
fac tor  (case 4), and the other  had marked  periven- 
ous inf lammat ion.  The  significance o f  the lupus 
ant icoagulant  fac tor  is no t  known.  It  is found  in 
several au to immune  diseases and in associat ion 
with widespread veno-occlusive disease and retro-  
per i toneal  fibrosis (as in case 4). Gers ter  et al. pro-  
posed an au to immune  pathogenesis  o f  pustulot ic  
ar thro-ostei t is  in a case repor t  o f  a pat ient  with 
concur ren t  vasculitis. 
In our  two cases o f  thrombosis  o f  the innomin-  
ate veins, a subcutaneous  venous collateral  net- 
work  was seen, and there was marked  edema o f  
the upper  thorax.  The  tentat ive clinical diagnosis 
in these cases was superior  vena cava obs t ruc t ion  
by mediast inal  t umor  mass. Exp lo ra to ry  surgery 
was pe r fo rmed  in one case. It  is not  clear why 
this disease should preferential ly affect large me- 
diastinal veins and the veins o f  the thoracic  out let  
in the absence o f  thoracic  out le t  obst ruct ion,  nor  
is it clear whether  a dis turbance o f  coagula t ion  
is an etiologic factor.  
There  are several causes o f  cort ical  hyperostosis  
including t rauma,  vi tamin A poisoning,  and pul- 
m o n a r y  os teoar th ropa thy ,  but  none  o f  these is re- 
sponsible for  the chest hyperostosis  seen in chronic  
recurrent  mult ifocal  osteomyelit is  and  intersterno-  
costoclavicular  hyperostosis  [7, 12]. The  associa- 
t ion o f  bo th  diseases with recurrent  respi ra tory  in- 
fections is unexpla ined [7, 12]. An immune  defi- 
ciency and  an au to immune  react ion to bone have 
bo th  been p roposed  as causes, but  no  definite evi- 
dence for  either has been provided  [7]. 
An extensive search for  bacter ia  which included 
aerobic and anaerobic  bacterial  cultures f rom 
b lood  and bone  biopsy material  p roved  negative 
in our  cases and in those repor ted  in the li terature.  
Several au thors  repor t  negative cultures for  Myco- 
bacterium tuberculosis and fungi [2, 5, 8]. Also, ser- 
ological tests for  bacter ia  and  viruses are normal .  
These findings indicate a noninfect ious  cause even 
though  the white cell count  is of ten raised in these 
patients.  
Inf i l t ra t ion by plasmocytes  has recently been 
suggested to explain new bone p roduc t ion  in a va- 
riety o f  condi t ions  including chronic  recurrent  
mult i focal  osteomyelifis  and inters ternocostoclavi-  
cular hyperostosis  [1l]. Only a few authors ,  how- 
ever, ment ion  the presence o f  plasmocytes  in their 
biopsy material ,  and the biopsies in four  o f  our  
pat ients  showed chronic  in f lammat ion  wi thout  
plasmocytes  as a feature.  Several au thors  classify 
pustulot ic  artho-ostei t is  as a seronegative spondy-  
l oa r th ropa thy  claiming that  it has much  in com- 
m o n  with this group o f  diseases, part icular ly ab- 
sent rheumato id  factor,  sacroiliitis, per ipheral  in- 
f l ammato ry  arthritis,  thrombophlebi t is ,  and skin 
lesions [1, 6, 11, 12]. 
The  et iology and pathogenesis  o f  pustulot ic  
ar thro-ostei t is  are still obscure [11]. Nonetheless,  
clinicians and radiologists should be aware o f  this 
in f l ammatory  disease because it can cause a tumor-  
like mediastinitis with thrombosis  o f  mediast inal  
and subclavian veins. 
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